Neutrophils are the most abundant leukocytes in human circulation. They are the first immune cell population recruited to the sites of infection. However, the role of neutrophils to regulate host immune responses during respiratory viral infections is largely unknown. To elucidate the role of neutrophils in respiratory antiviral defense, we used an experimental mouse model of human metapneumovirus (HMPV) infection. HMPV, a member of the Paramyxoviridae family, is a leading respiratory pathogen causing severe symptoms, such as bronchiolitis and pneumonia, in young, elderly, and immunocompromised patients. We demonstrate that neutrophils are the predominant population of immune cells recruited into the lungs after HMPV infection. This led us to hypothesize that neutrophils represent a key player of the immune response during HMPV infection, thereby regulating HMPV-induced lung pathogenesis. Specific depletion of neutrophils in vivo using a mAb and simultaneous infection with HMPV exhibited higher levels of inflammatory cytokines, pulmonary inflammation, and severe clinical disease compared with HMPV-infected, competent mice. Interestingly, the lack of neutrophils altered gd T cell accumulation in the lung. The absence of gd T cells during HMPV infection led to reduced pulmonary inflammation. These novel findings demonstrate that neutrophils play a critical role in controlling HMPVinduced inflammatory responses by regulating gd T cell infiltration to the site of infection.
Introduction
Neutrophils play an essential role in host defense against pathogens and represent the most abundant leukocytes in human circulation [1, 2] . They play a critical role to protect against microbial infections through multifaceted killing mechanisms [1] and to regulate innate as well as adaptive immune responses [3] . Upon stimulation, neutrophils quickly migrate from circulation to sites of damage and initiate crosstalk between resident and recruited immune cells, including dendritic cells, T cells, B cells, macrophages, and NK cells, primarily through secretion of cytokines and chemokines and also antigen presentation through MHC molecules [4] [5] [6] .
Neutrophils have been implicated in the antiviral immune response, as they represent an early and abundant cell population recruited to sites of infection [7] [8] [9] [10] . However, their role in viral infections remains largely unknown, particularly in the respiratory tract where their effect remains controversial. Studies of influenza infection in mice revealed that neutrophil depletion exacerbates lung injury and development of severe disease [8, 11] . Furthermore, neutrophil depletion before influenza infection, neutrophil depletion alters the magnitude of influenza-specific CD8 + T cells and cytokine production, causing defective viral clearance [12] . These findings confirm a beneficial and protective role of neutrophils during influenza infection in mice. On the other hand, experimental evidence indicates that excessive recruitment of neutrophils to the airways during influenza infection in mice contributes to acute lung injury by the formation of neutrophil extracellular traps [2] . Taken together, these contrasting findings warrant the need for further research on the role of neutrophils in respiratory viral infections. HMPV is an enveloped, negative-sense ssRNA paramyxovirus causing clinical syndromes, ranging from mild illnesses, such as the common cold, to more severe symptoms, such as bronchiolitis and pneumonia [13, 14] . HMPV is recognized as a significant global respiratory pathogen in young [15, 16] , elderly [17, 18] , and immunocompromised individuals [19] [20] [21] . HMPV infection accounts for 5-15% of pediatric hospitalizations with lower respiratory tract infections [22] [23] [24] [25] [26] . By 5 yr old, most children have been infected by HMPV, and by the age of 25, virtually all adults have been exposed to the virus [26, 27] . Research studies conducted over the last decade demonstrate that HMPV induces a spectrum of immune responses, some of which contribute to the antiviral defense, whereas others mount an evasion strategy by the virus for effective infection [28, 29] . However, several gaps in the understanding of immune responses to HMPV resulted in limited success with the development of effective vaccines and specific therapeutics against this clinically important viral infection.
Studies in mice have shown that neutrophils predominate in the airways early during HMPV infection [30, 31] . However, it remains unknown whether these cells play a protective or harmful role in the lung of infected mice, particularly in the context of immune response regulation. Therefore, in the present work, we investigated how neutrophils shape HMPVinduced pathogenesis. We demonstrate that neutrophil depletion, achieved using mAb 1A8, which binds specifically to Ly6G high neutrophils [8, [32] [33] [34] [35] [36] 
METHODS

Virus
HMPV (strain CAN97-83) was grown and titrated in LLC-MK2 cells (ATCC, CCL7) in the presence of trypsin (Worthington Biochemical, Lakewood, NJ, USA), as described previously [37] [38] [39] .
Infection of mice
BALB/c mice were purchased from Envigo (Indianapolis, IN, USA). gd TCR KO (B6.129P2-Tcrd tm1Mom /J) and WT mice were obtained from The Jackson Laboratory (Bar Harbor, ME, USA). All animals were housed in specific pathogen-free conditions in accordance with the Louisiana State University Institutional Animal Care and Use Committee. Eight-to 12-wk-old mice were used in all experiments. Mice were anesthetized with a sublethal dose of ketamine-xylazine and infected with 50 ml HMPV via the i.n. route, diluted in PBS at a final administration dose of 1 3 10 7 PFUs. Mock-infected animals received 50 ml sterile PBS (herein, referred to as mock).
Clinical illness score
A standardized 1-5 grading system was used to score mice for disease severity and illness, as described previously [37, 40] . In brief, mice were assessed daily for visual signs of clinical disease, including inactivity, ruffled fur, and hunched posture. In addition, daily determination of body weight was observed to monitor the progression of disease over the experimental period.
Depletion of neutrophils
Mice were injected i.p. with 300 mg rat anti-mouse Ly6G (Clone 1A8; BioXCell, West Lebanon, NH, USA) at the time of HMPV infection and every 48 h thereafter. All depletion doses were administrated in sterile PBS. The anti-mouse Ly6G (1A8) antibody specifically and efficiently depletes neutrophils in mice, as previously reported [8, [32] [33] [34] [35] [36] . Control animals received an equivalent dose of purified rat IgG (Sigma-Aldrich, St. Louis, MO, USA). Depletion of neutrophils in the airways was confirmed by flow cytometry.
Mouse sample collection
Mice were euthanized by an i.p. injection of ketamine and xylazine and exsanguinated via the femoral vessels, as previously reported [37, 39, 41] . To collect the BALF, lungs were flushed twice with 1 ml PBS, as previously described [37, 39] . Cell-free supernatants were stored at 275°C for cytokine analysis. For histologic analysis, lungs of mice were perfused and fixed in 10% buffered formalin and embedded in paraffin. Lung tissue sections were stained with H&E and visualized by bright-field microscopy using the highthroughput slide-scanner NanoZoomer with a 203 objective (numerical aperture of 0.75) and the NanoZoomer digital pathology view software (both from Hamamatsu Photonics, Hamamatsu City, Japan), as previously reported [39] . For viral gene-expression experiments, lung tissue was snap frozen in liquid nitrogen and stored at 275°C until analysis. For lung cell analysis, lungs were collected and kept on ice until their digestion with collagenase to obtain single-cell suspensions, as previously described [42] . For viral titration, total lungs were collected and snap frozen in liquid nitrogen and stored at 275°C until analysis.
Pulmonary inflammation
For histologic analysis, a blind analysis and scoring for cellular infiltration were performed, as previously described [39] . In brief, inflammatory infiltrates were scored by enumerating the layers of inflammatory cells surrounding the vessels and bronchioles. The number of abnormal perivascular and peribronchial spaces divided by the total perivascular and peribronchial spaces was the percentage reported as pathology score.
Flow cytometry
BALF and lung single-cell suspensions were incubated with anti-CD16/CD32 (Clone 2.G2) antibody at 4°C for 30 min before staining with the following specific antibodies: anti-Gr-1 (Clone RB6-8C5), anti-CD11b (Clone M1/70), anti-CD8a (Clone 53-6.7), anti-CD4 (Clone RM4-5), anti-CD3e (Clone 145-2C11), anti-B220 (Clone RA3-6B2), anti-CD19 (Clone 1D3), anti-gd TCR (Clone GL3), and anti-MHC class II (Clone 2G9); all from BD PharMingen (San Jose, CA, USA), and anti-CD11c (Clone N418) and anti-F4/80 (Clone BM8); from eBioscience (San Diego, CA, USA). Cells were incubated for an additional 30 min at 4°C and washed with PBS/1% BSA before fixing them with 1% paraformaldehyde. Cells were analyzed using a FACScan flow cytometer (BD Biosciences, San Jose, CA, USA) and FlowJo software (version 7.6.3; Tree Star, Ashland, OR, USA).
Cytokines and chemokines
Quantification of cytokine and chemokine release in BAL samples was determined using the Milliplex MAP Mouse Cytokine 32 Plex assay (EMD Millipore, Billerica, MA, USA), according to the manufacturer's instructions. The assay range of sensitivity of is 3.2-10,000 pg/ml.
Lung viral replication
Homogenized lung tissue samples were tested for viral titer. Serial 2-fold dilutions of the supernatant were tested by plaque assay on LLC-MK2 cells under methylcellulose overlay. Plaques were visualized 6 d later by HRP staining, as previously reported [38, 39] .
qRT-PCRs were run on a 7900HT Fast Real-Time PCR System, following the manufacturer's suggested cycling parameters (Thermo Fisher Scientific, Waltham, MA, USA). The comparative cycle threshold method was used to quantitate the expression of target genes, and results were normalized to the endogenous GAPDH and expression levels of transcripts from mock-infected tissues.
Statistical analysis
Statistical significance for the comparison of 2 sets of values was performed using a Student's t-test (two-tailed, two-sample equal variance). A one-way ANOVA was used to compare 3 or more sets of values, followed by a Tukey-Kramer test to correct for multiple comparisons using Graph Pad InStat 3 (GraphPad Software, La Jolla, CA, USA). P # 0.05 was considered statistically significant.
RESULTS
HMPV induces a robust response of neutrophils
To define the importance of neutrophils in HMPV infection, we first assessed the infiltration of neutrophils in mice infected with HMPV at d 1, 4, and 7 after infection. BAL samples were collected, and cytospin analysis was performed in Wright-Giemsastained preparations. Analysis of cytospin preparations revealed a predominant neutrophil infiltration in the airways in the infected mice compared with mock-infected ones (Fig. 1A) . 
Efficient depletion of neutrophils in vivo during HMPV infection
To investigate further the role of neutrophils in HMPV infection, we specifically depleted neutrophils in mice [8, [32] [33] [34] [35] using multiple doses of the anti-Ly6G mAb ( Fig. 2A) . Mice were treated i.p. with 300 mg anti-Ly6G (Clone 1A8) on d 0, 2, 4, and 6 of infection. Likewise, control mice were treated with 300 mg rat IgG2a isotype antibody control. The efficiency of neutrophil depletion was confirmed by flow cytometry analysis at d 7 p.i. in BAL (Fig. 2C ) and lung (Fig. 2D) samples. We observed that treatment of mice with the anti-Ly6G antibody resulted in a significant reduction in HMPV-induced neutrophil infiltration in the alveolar spaces of .95% compared with those treated with the isotype antibody (Fig. 2C) . Likewise, we observed a significant depletion of neutrophils in the lungs of infected mice, as the numbers of neutrophils in HMPV-infected mice were reduced from 33.6 6 2.1 310 5 in the competent mice to 7.1 6 1.1 310 5 in the depleted mice. After depletion, the number of neutrophils in the lung of HMPV-infected mice resembled the amount of neutrophils found in the mock-infected ones of 7.9 6 1.1 310 5 ( Fig. 2D) . These results indicate that the neutrophil depletion strategy was efficient.
Depletion of neutrophils delays disease recovery and exacerbates lung inflammation
Once the conditions for neutrophil depletion were established, and the depletion efficiency was confirmed, we determined the role of neutrophils in the clinical disease and inflammation after HMPV infection. Mice were treated with anti-Ly6G or isotype control antibodies, according to the neutrophil depletion strategy mentioned above ( Fig. 2A) . After HMPV infection, mice were monitored daily for signs of disease and changes in body weight. Uninfected mice treated with either anti-Ly6G mAb or isotype control did not display any signs of sickness or weight loss over the 7 d monitoring period, indicating that depletion of neutrophils alone does not lead to clinical illness ( Fig. 3A and C) . On the other hand, in HMPV-infected mice, depletion of neutrophils resulted in an enhanced disease severity compared with undepleted mice (Fig. 3A) . This was more evident at d 3 p.i. and was statistically significant at d 6 and 7. Signs of HMPVinduced disease peaked between d 2 and 3 in both groups of infected mice. However, competent mice fully recovered by d 6, whereas depleted mice remained sick at least by d 7, the last time point tested. An evident difference between the competent and depleted mice after 7 d of HMPV infection is depicted in Fig. 3B . In line with these observations, depletion of neutrophils showed an enhanced body weight loss that was statistically significant by d 5 and continued through d 7 (Fig. 3C) . Furthermore, we investigated whether the signs of disease were concomitant with other measurable parameters in the infected mice, such as lung inflammation. For that purpose, lung tissues were collected and fixed on d 7 after infection (peak of inflammation in HMPV infection [30, 39] ), and lungs were processed as described in Methods. Lung tissue sections were stained with H&E and analyzed for abnormal cellular infiltration in perivascular and peribronchial spaces. Results shown in Fig. 3D revealed significantly increased lung inflammation, represented as pathology score, in depleted mice infected with HMPV (33%) compared with competent mice after HMPV infection (20.7%).
Together, these data demonstrate that neutrophils are necessary to reduce illness and inflammation during HMPV infection.
Neutrophil depletion does not alter lung HMPV titers
Next, we examined whether the exacerbated HMPV-induced disease and inflammation observed in the depleted mice were a consequence of an altered lung viral replication. Mice were treated with isotype or anti-Ly6G antibody and infected with HMPV, as described above. Lung tissues were collected at d 4 and 7 after HMPV infection. Sampling times were designed based on the lung viral titer, which peaks between d 4 and 5 after HMPV infection but is almost cleared by d 7 [30, 39] . By testing d 4 after infection, we tested the peak of the viral titer; by testing d 7, we sought to determine whether there was any delay in the lung virus clearance as a consequence of neutrophil depletion. The presence of virus was assessed by quantifying the HMPV N gene expression by qRT-PCR and the yield of infectious virus by plaque assay. Our results shown in Fig. 4A indicate that there was no difference in the viral gene expression at d 4 and day 7 after HMPV infection. This observation was confirmed by plaque assay, where no change in the viral titers was observed between the depleted or competent mice infected with HMPV at d 4 p.i. (Fig. 4B) .
Depletion of neutrophils increases the release of lung cytokines and chemokines after HMPV infection
To delineate further the effect of neutrophils in the regulation of HMPV-induced inflammatory response, the concentration of cytokines and chemokines was measured in neutrophil-depleted mice and compared with those from neutrophil-competent mice. Mice were infected i.n. with HMPV, and BAL samples were obtained from each group at d 7 after infection. The level of cytokines and chemokines in BAL was measured using a multiplex cytokine detection system. As shown in Fig. 5 , depletion of neutrophils led to an increased response of inflammatory and immunoregulatory cytokines after HMPV infection. We observed a 2-fold increase in the production of CCL11 (eotaxin), whereas IL-12p40, CXCL9 (monokine induced by IFN-g), CXCL2 (MIP-2), IL-1b, TNF, and IL-17 were incremented 1.4-fold in depleted mice compared with competent ones. The most up-regulated chemokines after neutrophil depletion were CCL2 (MCP-1) and CXCL1 (KC, IL-8 homolog), which were increased 3-fold compared with nondepleted mice.
Neutrophils regulate lung gd T cell recruitment during HMPV infection
As described above, depletion of neutrophils induced an exacerbated inflammatory response in the lung after HMPV infection (Fig. 3D) . Therefore, we also sought to characterize the cell subsets infiltrated in the lung affected by neutrophil depletion. For that, lungs were harvested at the peak of inflammation (d 7 p.i.). Lung single-cell suspensions were prepared from mock-infected, neutrophil-depleted, and undepleted mice with HMPV infection. The infiltration of myeloid cells, such as macrophages and dendritic cells, as well as the lymphocyte response, including B and T cells (CD4 + , C8 + , and gd), was analyzed. As shown in Fig. 6 , the depletion of neutrophils did not impact the total number of macrophages or dendritic cells (Fig. 6A) . Likewise, the total number of CD4 + T, CD8 + T, and B cells (Fig. 6B ) was also not affected upon neutrophil depletion. Interestingly, the depletion of neutrophils had a significant impact on the infiltration of gd T cells in the lung. We observed an increased number of these cells after HMPV infection in the neutrophil-depleted mice.
HMPV infection induces gd T cell recruitment to the lung, and their deficiency leads to reduced lung pathology Based on the above observations, the depletion of neutrophils led to an exacerbated HMPV-induced pathogenesis and also to an increased number of gd T cells in the lung. We hypothesized, based on these findings, that gd T cells could contribute to the inflammatory response induced by HMPV. We first determined the effect of HMPV in gd T cell recruitment. Data shown in Fig. 7A indicate that HMPV is capable of inducing an increase in gd T cell numbers, which were significantly recruited (13.6 3 10 4 6 1.1) by d 5 after HMPV infection and remained increased (15.7 3 10 4 6 1.2) until d 15 after infection, as compared with baseline levels in mock-infected mice (6.7 3 10 4 6 1.1). To evaluate the contribution of gd T cells in the inflammatory response induced by HMPV infection, we infected TCR-d KO mice (mice lacking the d chain of the TCR) or WT mice with HMPV. At d 7 after infection, lungs were collected, and tissue sections were processed for further evaluation, as described above. Lung histopathological analysis revealed that no airway inflammation was observed in mockinfected WT or KO mice (Fig. 7C, left and second to left) . However, HMPV infection induced a cellular infiltration in the perivascular and peribronchial spaces of WT mice (Fig. 7C , second to right), which was reduced in the TCR-d KO mice (Fig.  7C, right) . Quantification of the pulmonary inflammation, represented as pathology score, indicated that inflammation in the respiratory tract of TCR-d KO mice was significantly decreased compared with WT animals (Fig. 7B) .
DISCUSSION
Neutrophils are the most abundant leukocytes in human circulation and are considered a first line of defense against invading bacterial and fungal infections [43, 44] . Indeed, neutrophils are known to be markedly increased and to protect against these pathogens [45] . However, the role of neutrophils in viral infections remains largely understudied, particularly in the respiratory tract, where they are recruited after viral infections, as shown in experimental models [11, 30, 46] and in humans [9, 10, 47, 48] . In fact, it has been recently reported that HMPV induces neutrophil influx in the airways, as demonstrated by increased infiltration of these cells in nasopharyngeal aspirates from infected infants [9] , which underline the importance of these cells in HMPV infection.
In the current study, we demonstrated that neutrophils were the predominant cell population in the lungs of infected mice as Figure 5 . Pulmonary inflammation in neutrophildepleted mice infected with HMPV. BALB/c mice were treated with isotype (IgG) or anti-Ly6G antibody before and p.i. with HMPV or mockinfected with PBS. BAL samples from each group of mice were assessed for cytokine/chemokine production by a multiplex cytokine detection system; n = 8-18 mice/group. *P , 0.05, **P , 0.01, ***P , 0.005.
early as d 1 after HMPV infection, and their infiltration in the lungs remained significantly higher than that of the uninfected control mice at d 7 after infection (Fig. 1) . These data are in line with those previously reported in HMPV-infected mice, where the number of neutrophils increased during the first 2 d of infection [30, 49] and gradually decreased by d 4 and 7 after infection [30, 50] . Therefore, these findings led us to speculate that neutrophils play a role in HMPV infection. To investigate that hypothesis, we used a model of neutrophil depletion using several doses of the anti-Ly6G mAb (1A8; Fig. 2 ), which specifically depletes neutrophils [8, 32] . In this model, we observed that depletion of neutrophils led to an increased disease severity and inflammation, as demonstrated by an increase in clinical illness, body weight loss, and exacerbated lung inflammation (Fig. 3) , which suggests a beneficial role of neutrophils in HMPV infection. These data are in agreement with those reported from mice infected with other respiratory viruses, such as influenza virus, where the depletion of neutrophils under similar conditions resulted in an enhanced body weight loss, increased pulmonary inflammation, and reduced survival [8, 11] . However, neutrophil depletion did not have an effect on HMPV lung titers and viral clearance, as there was no significant difference between the depleted and competent mice in the viral gene expression and infectious virus at d 4 and 7 after HMPV infection (Fig. 4) . A similar effect has been observed in the closerelated human paramyxovirus RSV infection, where depletion of neutrophils in mice did not alter the lung viral titers in the infected animals but resulted in altered levels of mucus and cytokines, such as TNF and IL-13 [51] . Therefore, it appears that the increased disease severity and pulmonary inflammation observed in the depleted mice were not results of higher lung viral titers in the depleted mice and that neutrophils regulate the inflammatory response to HMPV infection independently of viral load. In that regard, it has been reported that a high HMPV viral load can be associated to greater disease severity on infected children [52] , but recent findings indicate also that viral load does not have a significant impact on disease severity in children infected with HMPV [53] . Thus, further research is needed to define the controversial relationship between viral load and HMPV-induced disease severity and progression.
Increased production of inflammatory cytokines in a moderate fashion results in a beneficial and effective mechanism to fight infections; however, an exacerbated or excessive inflammatory response is harmful to the host and could lead to tissue damage. We observed that depletion of neutrophils significantly exacerbated the production of cytokines and chemokines after HMPV infection. Increased levels of IL-1b, TNF, IL-17, CXCL2, CCL11, IL-12p40, CXCL1, CXCL2, and CXCL9 were detected, which correlate with the exacerbated pulmonary inflammation observed in the depleted mice. Data obtained in neutrophildepleted mice infected with RSV indicate, however, that neutrophil depletion reduced the amount of TNF after d 1 of RSV infection [51] . This discrepancy may be attributable not only to the different virus used but also to the day that the samples were collected. TNF production after HMPV infection peaks as early as d 1 after infection, but RSV induces higher levels of TNF than HMPV [54] . In the present work, we analyzed the production of cytokines and chemokines at d 7 after infection, as that was the day we also observed an increased pulmonary peribronchiolar inflammation.
The role of neutrophils in regulating the recruitment and activation of other cells in the immune system, such as T cells, is well documented [3, 36, 55] . The heterogeneity of the neutrophil population is responsible for their different effects on T cells, as recent reports support the existence of several neutrophil subsets [56] [57] [58] , including after respiratory viral infections [10] . Thus, a subset of mature neutrophils can activate the immune system and clear the infection, whereas other subsets of neutrophils can induce immunosuppression or are inefficient in antimicrobial immune activities [56, 59] . In this work, we observed a significant increase in lung gd T cells when mice were treated with the anti-Ly6G, suggesting a suppressive effect of pulmonary neutrophils on gd T cells after HMPV infection. In that regard, the suppression of gd T cells by human neutrophils has recently been demonstrated in different in vitro models and is known to be achieved by several mechanisms [60] [61] [62] . Interestingly, in our model of HMPV infection, the effect of neutrophils appeared to be selective to gd T cells, as we observed no difference in the number of other immune cells (CD4 T cells, CD8 T cells, B cells, macrophages, and dendritic cells) in the lungs of infected animals when compared between the competent and depleted mice. Studies in pulmonary experimental infection with the opportunistic fungal pathogen Cryptococcus neoformans have also revealed that depletion of neutrophils led to increased numbers of gd T cells in the lung, which in turn, were responsible for the increased production of IL-17 after neutrophil depletion [43] , indicating that neutrophils inhibit gd T cell function. Likewise, in our work, we also observed significantly higher levels of IL-17 and increased numbers of gd T cells in the lungs of neutrophil-deficient mice, which coincided with increased levels of CXCL1, likely produced by lung gd T cells [63] . This suggests that neutrophils may indeed exert a regulatory effect on gd T cells after HMPV infection. Future studies are needed to demonstrate specifically a suppressive subset of neutrophils during HMPV infection.
gd T cells are a subset of nonconventional T lymphocytes that play a critical role in linking the innate and adaptive arms of the immune system [64] . Different subsets of gd T cells are widely distributed in the lung [65] , and pulmonary gd T cells contribute to the mucosal immunity and protection of the lungs [66, 67] . In our model of HMPV-infected mice, we observed that pulmonary gd T cells are increased after d 5 of infection and that accumulation remained high by d 15 after HMPV infection. Compared with HMPV infection, reported experiments in RSVinfected mice indicate that the accumulation of gd T cells peaks in lower numbers by d 4 after infection, and it returns to basal levels by d 15 after infection [66] . Moreover, after HMPV infection, TCR-d KO mice exhibited a decreased pulmonary inflammation compared with WT mice, indicating that these cells play an important role in the inflammatory response induced by HMPV. Similar results were found in RSV-infected mice [66] , as well as in a model of respiratory bacterial infection (Staphylococccus aureus) [68] , where gd T cells also contributed to the inflammatory response in the lungs.
In conclusion, the current data represent the first evidence that neutrophils have a critical regulatory role in HMPV-induced pathogenesis. Our results indicate that neutrophils contribute to the control of disease severity and pulmonary inflammatory response by regulating the accumulation of gd T cells to the site of infection in the HMPV-infected mice. Whereas the experimental mouse model of HMPV infection has intrinsic limitations, it represents a valuable experimental small animal model that allows exploring relevant aspects of the HMPV-induced pathogenesis and immune responses. Future studies to define the mechanism of regulation between neutrophils and gd T cells, as well as to investigate further the role of gd T cells in HMPV infection are warranted. Overall, these findings enhance our understanding of the HMPV-induced pathogenesis and highlight the importance of neutrophils in regulating the fine line between disease and protection to HMPV infection. 
